Classical or thermal phase transitions generally remain sharp in the presence of disorder, though their critical behavior might be affected by the randomness. On the other hand, zerotemperature quantum phase transitions [1] [2] [3] In recent years, it has become clear that the large spatial regions free of randomness, which are rare in a strongly disordered material and hereafter referred to as rare regions, can essentially change the physics of phase transitions [4] . Close to a magnetic transition, such rare regions can be locally in the magnetically ordered phase even if the bulk system is still nonmagnetic. These rare regions are extremely influential close to quantum phase transitions [4] [5] [6] [7] [8] .
When the rare regions are embedded in a dissipative environment the disorder effects are further enhanced. For example, in metallic magnets, the magnetization fluctuations are coupled to electronic excitations having arbitrarily low energies. This leads to an overdamped fluctuation dynamics. Sufficiently strong damping completely freezes the dynamics of the locally ordered rare regions [9] , allowing them to develop a static magnetic order. It has been predicted [10] that this mechanism destroys the sharp magnetic quantum phase transition in a disordered metal by rounding and a spatially inhomogeneous ferromagnetic phase appears over a broad range of the control parameter.
The family of perovskite-type ARuO 3 ruthanates (with A an alkaline earth ion) offers an ideal setting to test these predictions. SrRuO 3 is a ferromagnetic metal with a Curie temperature of T C = 165 K. On the other hand, no long-range magnetic order develops in CaRuO 3 and recent studies indicate paramagnetic behavior or the presence of shortrange antiferromagnetic correlations in the ground state [11] . It is demonstrated that tiny Co doping can drive the system to a low-temperature spin-glass state [12] , however, the ground state of CaRuO 3 is still under debate. Earlier studies of the transport, thermal and magnetic properties of Sr 1−x Ca x RuO 3 solid solutions revealed that the composition x is an efficient control parameter and the substitution of the Sr ions by the smaller Ca ions gradually suppresses the ferromagnetic character and with it the Curie temperature [13] [14] [15] [16] . However, estimates of the critical Ca concentration at which T C vanishes show large variations depending on the way of the assignment, experimental methodology and sample synthesis (e.g. bulk crystals versus thin films with strain due to lattice mismatch with the substrate). In addition, the random distribution of Sr and Ca ions introduces strong disorder in the exchange interactions controlling the magnetic state.
To investigate the magnetic properties of Sr 1−x Ca x RuO 3 with high accuracy, we have grown a composition-spread epitaxial film of size 10 mm×4 mm and thickness 200 nm (∼ 500 unit cells) on a SrTiO 3 (001) substrate [17, 18] which sets the easy magnetization direction normal to the film plane [19] . The Ca concentration changes linearly from x=0.13 to 0.53 along the long side of the sample, as shown in Fig. 1a . The large atomically-flat area observed in the atomic force microscope image (Fig. 1a) demonstrates the high quality of this film.
The composition and temperature dependence of the magnetic properties of the Sr 1−x Ca x RuO 3 film were probed by a home-built magneto-optical Kerr microscope equipped with a He-flow optical cryostat. Its magneto-optical Kerr rotation for visible light is dominated by the charge transfer excitations between the O 2p and Ru 4d t 2g states [20] . The large magnitude of the magneto-optical Kerr effect, being the consequence of strong spin-orbit coupling in ruthenates [21] , was found to be proportional to the magnetization measured by a SQUID magnetometer on uniform thin films. We have performed all these experiments using a red laser diode. The resulting precisions of the magnetization (M) and susceptibility (χ) measurements were 6 · 10 Fig. 3a) . Thus, the evolution of both the magnetization and the critical temperature with x provide strong evidence for the ferromagnetic-to-paramagnetic quantum phase transition being smeared.
How can the unconventional smearing of the quantum phase transition and the associated tail in the magnetization be understood quantitatively? As the magnetization fluctuations in a metallic ferromagnet are over-damped, sufficiently large Sr-rich rare regions can develop true magnetic order (see Fig. 1c ) even if the bulk system is paramagnetic [9, 10] . Macroscopic ferromagnetism arises because these rare regions are weakly coupled by an effective longrange interaction [22, 23] . To model this situation, we observe that the probability for finding N Sr strontium and N Ca calcium atoms in a region of N = N Sr + N Ca unit cells (at average composition x) is given by the binomial distribution P (N Sr , N Ca ) =
Such a region orders magnetically if the local calcium concentration x loc = N Ca /N is below some threshold x c . Actually, taking finite-size effects into account [24] , the condition reads
RR where L RR is the size of the rare region, and A is a non-universal constant. To estimate the total magnetization in the tail of the transition (x > x c ), one can simply integrate the binomial distribution over all rare regions fulfilling this condition. This yields [24] , up to power-law prefactors,
where C is a non-universal constant. This equation clearly illustrates the notion of "smeared" quantum phase transition: the order parameter vanishes only at x = 1 and develops a long, exponential tail upon approaching this point. As x c represents the composition where the hypothetical homogeneous (clean) system having the average ion size would undergo the quantum phase transition, the extension of the ferromagnetic phase beyond x c is an effect of the disorder. Starting from atomic-scale disorder our theory is applicable as long as a large number of clusters are probed within the experimental resolution, so that the measured quantities represent an average over the random cluster distribution. The smooth dependence of the magnetization on x together with the small spot size of the beam (<300 µm 2 )
verifies that this is indeed the case. Based on the given spot size the upper bound for the typical cluster size is estimated to be 1-2 µm 2 (see Supplemental Material).
As a direct test of our theory we fit the lowest-temperature M(x) data with Eq. (1).
We take the spatial dimensionality d = 3 due to the large thickness of the sample far beyond the spin correlation length in the system. As can be discerned in Fig. 3b , the magnetization data in the tail (x 0.44) follow the theoretical curve over about 1.5 orders of magnitude down to the resolution limit of the instrument. For the critical composition of the hypothetical clean system, we obtain x c = 0.38, though the quality of the fit is not very sensitive to its precise value because the drop in M occurs over a rather narrow x interval.
The composition dependence of the critical temperature T C can be estimated along the same lines by comparing the typical interaction energies between the rare regions with the temperature and the same functional dependence on x was found [24] . The experimental data in the tail region follow this prediction with the same x c = 0.38 value, as can be seen from the corresponding fit in Fig. 3b .
Earlier works [13] [14] [15] [16] To summarize, we have studied the paramagnetic-to-ferromagnetic quantum phase transition of Sr 1−x Ca x RuO 3 by means of a composition-spread epitaxial film. We found that the disorder significantly extends the ferromagnetic phase. Moreover, the phase transition in this itinerant system does not exhibit any of the singularities associated with a quantum critical point. Instead, both the magnetization and critical temperature display pronounced tails towards the paramagnetic phase. The functional forms of these tails agree well with the predictions of our theoretical model. Our calculations also show that disorder, if correlated over a few unit cells, is even more powerful in promoting an inhomogeneous ferromagnetic phase. We thus conclude that our results provide, to the best of our knowledge, the first quantitative confirmation of a smeared quantum phase transition in a disordered metal.
We expect that this scenario applies to a broad class of itinerant systems with quenched disorder.
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